Role of the four conserved histidine residues in the amidotransferase domain of carbamoyl phosphate synthetase.
Carbamoyl phosphate synthetase from Escherichia coli catalyzes the formation of carbamoyl phosphate from ATP, bicarbonate, and glutamine. The amidotransferase activity of this enzyme is catalyzed by the smaller of the two subunits of the heterodimeric protein. The roles of four conserved histidine residues within this subunit were probed by site-directed mutagenesis to asparagine. The catalytic activities of the H272N and H341N mutants are not significantly different than that of the wild-type enzyme. The H353N mutant is unable to utilize glutamine as a nitrogen source in the synthetase reaction or the partial glutaminase reaction. However, binding to the glutamine active site is not impaired in the H353N enzyme since glutamine is found to activate the partial ATPase reaction by 40% with a Kd of 54 microM. The H312N mutant has a Michaelis constant for glutamine that is 2 orders of magnitude larger than the wild-type value, but the maximal rate of glutamine hydrolysis is unchanged. These results are consistent with His-353 functioning as a general acid/base catalyst for proton transfers while His-312 serves a critical role for the binding of glutamine to the active site.